IT IS WELL ESTABLISHED THAT inflammation leads to visceral sensitization. Extrinsic primary afferent neurons are likely to mediate at least part of this sensitization through changes in excitability (4, 10) . However, the susceptibility of specific functional classes of extrinsic visceral afferents to the processes of inflammation and to inflammatory mediators has not been systematically investigated.
Longhurst et al. (16) first described mechanically insensitive visceral afferents that were acutely sensitive to the application of algogenic substances. In addition, application of algogenic substances could recruit responses to ischemia from visceral afferents previously unresponsive to ischemia (15) . Habler et al. (11) coined the phrase "silent nociceptor" for bladder afferents that had been mechanically insensitive but became active after acute inflammation. These studies contributed to the ideas that there are nociceptor-like afferents innervating the viscera and that inflammation and inflammatory mediators can increase the level of nonnoxious and noxious information reaching the spinal cord (5) .
Inflammatory mediators introduced into the colon have been reported to evoke increased mechanoreceptor responses to distension (30) . The function of colonic afferent nerve cell bodies isolated from dorsal root ganglia are modulated by capsaicin and some algesic substances (30, 31) , and gut inflammation has profound effects on function of some colonic dorsal root ganglia cells (1) , causing them to become hyperexcitable. As expected, some central neurons in spinal afferent pathways show larger responses to colorectal distension after acute inflammation (23) . A number of substances also have effects on the peripheral endings of visceral spinal afferent neurons. It has been reported that ATP, released from unidentified cell types, may play a role as an important modulator during inflammation (33) ; however, indirect effects via changes in gut wall compliance were not taken into account in these studies. Other mediators proposed to contribute to the generation and persistence of gut hypersensitivity after inflammation include bradykinin, prostaglandins, serotonin, and nerve growth factors (4) . Nerve growth factor was necessary for colonic hypersensitivity to develop in a trinitrobenzene sulfonic acid (TNBS) model of colitis (8) . There is also substantial interplay between BDNF (brain-derived neurotrophic factor) and CGRP, presumably through capsaicin-sensitive afferents from the gut (7) . However, there may be different patterns of responses between classes. One class of polymodal colonic mechanoreceptors, in the rat, did not show changes in mechanosensitivity during inflammation, using a well-controlled mechanical stimulus, but did show selective increased chemosensitivity to serotonin (5-HT) (6) .
Most of the studies to date have examined the effects of inflammation or inflammatory mediators on nociceptors or undefined mixed populations of spinal afferents in which nociceptors are likely to be predominant (2, 19) . In contrast to nociceptors, low-threshold afferents normally convey sensory information about the normal physiological state of the viscera. The extent to which they contribute to discomfort and pain, under normal or inflamed conditions, has not been resolved. Indeed, it is not clear whether low-threshold mechanoreceptors are sensitized during inflammation; to date, reports have been mixed. We have previously characterized a single functional class of low-threshold, stretch-sensitive afferents in the guinea pig rectum both electrophysiologically and morphologically (18, 20, 34) . The aim of this study was to identify whether this specific class of afferents showed any changes in function as a result of TNBS-induced inflammation.
METHODS
TNBS treatment. Adult male and female guinea pigs (180 -220 g) were anesthetized with isoflurane. TNBS was administered by intracolonic injection of 300 l of TNBS solution (15 mg/ml; 30% ethanol) 7 cm from the anal sphincter or 300 l of saline for controls (13) . The Flinders University Animal Welfare Committee approved all procedures used in this study.
Effect of TNBS treatment. Photos of the region of inflammation 5-7 cm oral to the anus were taken and macroscopically evaluated by a previously established method (13, 20) .
Tissue preparation for afferent recordings. Six days or 21-30 days later, guinea pigs were killed by a blow to the occipital region and exsanguinated. Specimens of distal bowel, with attached rectal nerve trunks were defined as "rectum" (19, 24) . Preparations from this region were excised, flushed of contents, and opened up into a flat sheet. The preparation was superfused at 3 ml/min with Krebs solution (mM: 118 NaCl, 4.75 KCl, 1.0 NaH 2PO4, 25 NaHCO3, 1.2 MgSO4, 2.5 CaCl2, 11 glucose) chilled to ϳ10°C, bubbled with 95% O2-5% CO2. The mucosa was removed by sharp dissection, and three to seven small extrinsic nerve trunks, 20 -40 m in diameter, were dissected free of connective tissue for a length of 2-6 mm. We defined the rectum as the region supplied by rectal nerve trunks emerging from the pelvic ganglia. Circumferentially the tissue was 8 -10 mm wide under basal conditions. A 15-mm longitudinal segment was isolated and pinned, serosal side up, with 50-m tungsten pins along one side. One rectal preparation was prepared from each animal, with each rectal preparation having three to seven nerve branches that could be individually investigated. Each nerve branch might have more than one afferent unit that could be discriminated accurately. Therefore, N was used to denote the number of rectal preparations (identical to the number of animals), and n was used to denote the number of single afferent fibers that could be recorded from the nerve branches.
Afferent dissection and recordings. The edge of the preparation was attached to an array of hooks. This was attached to a "tissue stretcher" consisting of a microprocessor-controlled stepper motor with an in-series isometric force transducer (DSC 46-1001-01, Kistler Morse). The extrinsic nerve trunks and a strand of connective tissue were pulled under a coverslip partition into a recording chamber and sealed with silicon grease (Ajax). The recording chamber was filled with paraffin oil and platinum wire electrodes were placed in contact with both a nerve trunk and a connective tissue strand. Recorded signals were amplified and filtered through an isolated bioamplifier (ISO-80, World Precision Instruments), digitized with a Powerlab/16SP (ADInstruments), and recorded on a Macintosh personal computer using Chart software (ADInstruments). The main chamber containing the preparation was superfused at 3 ml/min with oxygenated Krebs solution, at 34°C.
Identification of stretch-sensitive units. After 1-h equilibration, ϳ2 mN resting load was applied to the tissue. By use of this apparatus, the tissue could be stretched at rates of 20 -5000 m/s, over distances of 1-9 mm, while the tension developed by the tissue (stretching by "imposed length") was recorded.
Hot spot identification. Local mechanical distortion of the tissue was achieved by using von Frey hairs with tip diameters Ͻ50 m (0.1-1.10 mN). "Hot spots," areas of heightened responses to compression, were then identified and their positions were marked on the tissue with fine carbon particles attached to the tip of the hair. Stretch-sensitive units were investigated for their sensitivity to von Frey hairs (0.1, 0.2, 0.3, 0.5, 0.8, 1.1 mN) under isometric conditions.
We assumed that the largest responses correlated with placing the von Frey hair accurately over the transduction site. Therefore, peak instantaneous frequency was determined for each von Frey hair as the mean response of the three highest values of 8 -10 applications for each unit (17, 34) .
Electrical activation of afferent nerve fibers. Shielded bipolar platinum electrodes with bared tips were advanced onto a previously identified hot spot. Square pulses of 0.5-to 1-ms duration were applied to the tissue with a Grass S48 Stimulator (Grass Instruments). A range of voltages applied at 0.3 Hz was used to determine the afferent activation threshold. The test stimuli used were 130% of voltage threshold delivered over a range of frequencies . At least 10 repetitions of each frequency were applied to the hot spot. At lower frequencies each electrical pulse elicited an action potential, but at higher frequencies fewer electrical pulses elicited an action potential (27) . The percentage of electrical pulses eliciting an action potential was determined and a frequency-response curve was subsequently generated. Muscle contractility. The number of contractions elicited in the tissue was counted by using Chart software cycle recognition with parameters of a noise threshold of 2% and 100-ms tracking. Tissue accommodation was determined by applying a 60-s stretch stimulus, then calculating the integrated mean force and afferent discharge over the last 10 s of the stretch.
Drugs. Applications of capsaicin (1 M) (Sigma), prostaglandin E 2 (PGE2, 1-3 M) (Sigma), and bradykinin (1 M) (Sigma) were applied directly to the bath.
Analysis. Single units were identified and discriminated by Chart Spike Histogram software; when single units could not be discriminated, recordings were discarded. Single unit activity was presented and analyzed by using impulses per second except where instantaneous frequency was used. For von Frey hair stimulation, both the number of spikes elicited in a 300-ms period and the peak instantaneous frequency generated during a von Frey hair application were identified for further analysis. Data is presented as means Ϯ SE unless otherwise stated. Statistical comparison was carried out by Student's t-test, two-way analysis of variance 2 , Mann-Whitney, Wilcoxon signed-rank test, or linear regression as appropriate using GraphPad Prism software; P Ͻ 0.05 was considered significant.
RESULTS
TNBS treatment in most cases evokes visible morphological changes in the rectum at 6 days posttreatment including mucosal hyperemia and edema, thickened muscle and rarely ulcerations and adhesions. Weight gain compared with saline controls was significantly decreased in the TNBS-treated animals after 24 h, and the weight deficit persisted up to 6 days posttreatment (P ϭ 0.001, N ϭ 14, 16, two-way ANOVA) Fig. 2 . Spontaneous activity of smooth muscle and low-threshold rectal mechanoreceptors. A: preparation of rectum from a control guinea pig, pretreated with a saline enema 6 days previously, shows spontaneous contractions of circular muscle. Associated with the rising phase of most but not all of these contractions are bursts of mechanoreceptor firing. B: mean tension measured over 60 s was unaffected by TNBS treatment compared with saline. However, there was a significant increase with age (30 days after saline or TNBS enema, *P ϭ 0.018; 2-way ANOVA). Numbers on histograms refer to the number of rectal preparations. C: frequency of contractions per minute was unaffected by TNBS treatment at both 6 days and 30 days after treatment (P ϭ 0.26 2-way ANOVA for both). D: spontaneous firing of mechanoreceptors was not affected by either TNBS treatment or age. Fig. 3 . Response of low-threshold mechanoreceptors and circular muscle to circumferential distension 6 days after saline or TNBS treatment. The stimulus-response curve, measured as number of action potentials during a 10-s stretch (0 -4 mm), was significantly different 6 days after TNBS treatment (*P ϭ 0.032, linear regression) compared with age-matched saline controls (A). In contrast, there was no significant difference in the mean muscle tension evoked by 0-to 4-mm stretch (10 s) at 6 days (B). At 30 days after TNBS, neither firing responses, nor mean muscle tension was significantly different between saline and TNBS-treated animals; n refers to numbers of afferent units, and N indicates the number of animals from which rectal preparations were studied.
( Fig. 1 ). Hematoxylin and eosin staining revealed thickened circular muscle, submucosa and mucosal layers, lesions in the muscularis mucosae, and submucosal infiltrate of leukocytes (Fig. 1B) . At 30 days posttreatment, no visible morphological differences were observed in the rectum between TNBS-and saline-treated groups. At 30 days posttreatment, TNBS-treated animals had similar weights to saline-treated animals (P ϭ 0.56, N ϭ 5 TNBS treated and N ϭ 4 saline treated, unpaired t-test).
Spontaneous activity. Spontaneous contractions of the circular muscle were observed in the majority of both salinetreated and TNBS-treated preparations. Stretch-sensitive mechanoreceptors fired bursts of action potentials during some but not all spontaneous contractions but were consistently silent during periods of mechanical quiescence (Fig. 2 and Refs. 17, 19) . Neither muscle contractility (measured as mean force) nor mechanoreceptor firing (measured as mean frequency during a 60-s period) was affected by TNBS treatment, at either 6 days or 30 days (Fig. 2) . Likewise, mean contraction amplitude and contraction frequency were not significantly affected by TNBS.
Stretch sensitivity. Circumferential distension of the preparation (1-4 mm stretch relative to resting length) typically evoked a single large contraction just after the onset of stretch, which was followed by an accommodation over the next 10 s. Mechanoreceptor firing, evoked by stretch, was closely associated with the active muscle contractions but could persist for up to 10 s during larger stretches (3-4 mm), despite substantial accommodation. Six days after TNBS treatment, there was a significant increase in stretch-evoked firing of rectal mechanoreceptors compared with controls (P ϭ 0.032, linear regression) without an equivalent increase in mean muscle force (Fig. 3, A and B) . Thirty days after TNBS treatment, there was no difference in either mechanoreceptor firing or mean muscle force, compared with saline-treated controls (not shown). Analysis of responses to 4-mm stretch identified age-related changes in mean muscle force (which increased significantly in both control and inflamed tissues in older animals, P ϭ 0.0019, two-way ANOVA) and the number of spikes (which decreased significantly in both control and inflamed tissues in older animals, P ϭ 0.046, two-way ANOVA). We also examined mechanoreceptor firing and muscle contractility during the fully accommodated phase of longer distensions (measuring responses during the last 10 s of a 60-s distension, Fig. 4, A and B) . Thirty days after TNBS treatment, mechanoreceptor firing was significantly greater than in salinetreated controls (P ϭ 0.020, Mann-Whitney) despite mean muscle force being slightly but significantly reduced in TNBStreated tissue (P ϭ 0.013, unpaired t-test; Fig. 4, C and D) . This protocol was not tested 6 days after TNBS application.
Responses to focal distortion. The transduction sites of low-threshold, rectal mechanoreceptors have previously been shown to correspond to rectal intraganglionic laminar endings (rIGLEs; Ref. 19) . Direct distortion of rIGLEs using von Frey hairs activates low-threshold afferents in a manner that is relatively insensitive to changes in local muscle tone (34) . Responses are graded and show slow adaptation to maintained probing (17) .
Mechanotransduction sites were activated by von Frey hairs ranging from 0.1 to 1.1 mN. Over most of this range, TNBS treatment, either 6 days or 30 days previously (Fig. 5, A and B) , had no effect on firing. However, there was a significant reduction in the threshold for activation after TNBS treatment. A higher proportion of afferent units responded to the lightest von Frey hair (0.1 mN), 6 days after administration of TNBS, compared with saline-treated controls (Fig. 5C , P ϭ 0.023, 2 ). There was no significant difference at 30 days after TNBS treatment ( Fig. 5D , P ϭ 0.145, 2 ), although it should be noted that fewer units (6 control, 6 TNBS) were tested at this time point.
Excitability of afferent nerve fibers. The excitability of rectal mechanoreceptors was measured by their ability to follow suprathreshold electrical stimuli, over a range of frequencies. In all afferent units, the percentage of stimuli that evoked action potentials declined, with increasing frequency. However, in preparations treated 6 days previously with TNBS, rectal mechanoreceptors followed stimuli with significantly higher fidelity across the range of frequencies tested (0 -150 Hz, P ϭ 0.0043, linear regression n ϭ 6, n ϭ 7, Fig. 6 ), indicating an increase in the electrical excitability of mechanosensitive afferents in inflamed tissue. Similar studies were attempted 30 days after treatment but reliable results were not obtained. In these slightly older animals, electrical stimulation evoked larger smooth muscle contractions which displaced the stimulating electrodes relative to afferent units, in both TNBSand saline-treated animals.
Chemosensitivity. In neither control nor TNBS-treated preparations did capsaicin (1 M) activate low-threshold stretchsensitive afferents (n ϭ 6, n ϭ 5, Fig. 7 ). Capsaicin also did not modulate afferent responses to 50 mg von Frey hairs in saline-treated or TNBS-treated tissue (1 M, n ϭ 4, n ϭ 4). We were unable to detect effects of capsaicin in naive, untreated tissue either; 1 M capsaicin did not change basal firing or modulate the response of low-threshold stretch-sensitive afferents to a standardized stretch protocol (3 mm circumfer- A and B) . However, small but consistent differences were seen in the thresholds of units at 6 days but not 30 days. In C and D, the numbers of units (n) responding to a 0.1 mN von Frey hair is shown for TNBS-treated and saline-treated animals at 6 days and 30 days, respectively (*P Ͻ 0.05).
ential stretch for 10 s, n ϭ 8). However, the capsaicin did activate some afferent fibers that were stretch insensitive. In both control and TNBS-treated tissue, afferent units that did not respond either to 3-mm stretch or to spontaneous contractile activity, frequently responded to capsaicin (1 M), in a manner that appeared independent of contractile activity (n ϭ 5, n ϭ 7 units, see Fig. 7) .
We tested the effects of potential inflammatory mediators on low-threshold rectal mechanoreceptors. The autacoid PGE 2 (1-3 M) activated low-threshold stretch-sensitive afferents in control preparations (n ϭ 10, P ϭ 0.0078, Wilcoxon signedrank test) and in preparations treated 6 days previously with TNBS (n ϭ 8, P Ͻ 0.01, Wilcoxon signed-rank test). Mean muscle force increased in the presence of PGE 2 (N ϭ 4, N ϭ 4, P Ͻ 0.05, two-way ANOVA) in both control and TNBStreated preparations but contraction frequency and peak force of contractions were not significantly altered. Afferent firing in the presence of PGE 2 was closely associated with smooth muscle contractions (Fig. 8) . Consistent with this, PGE 2 (1 M) did not modulate afferent responses to 50 mg von Frey hairs in either control (n ϭ 4, n ϭ 4) or TNBS-treated tissue (n ϭ 4, n ϭ 4). We tested this further in control preparations. In Ca 2ϩ -free Krebs containing 3.6 mM Mg 2ϩ , muscle contractility was greatly reduced and PGE 2 (3 M) did not evoke detectable contractions. Under these conditions PGE 2 also did not activate rectal afferents (n ϭ 5, N ϭ 3). These results suggest that the effects of PGE 2 on low-threshold mechanoreceptors are mediated indirectly, through changes in smooth muscle contractility, rather than by a direct effect on nerve endings.
Another inflammatory mediator, bradykinin (1 M), evoked transient contractions of smooth muscle (N ϭ 5) and associated firing of low-threshold rectal afferents. Bradykinin-evoked firing persisted in Ca 2ϩ -free Krebs containing 3.6 mM Mg 2ϩ , when all muscle contractions were abolished (6 of 9 units, N ϭ Mechanoreceptors from TNBS-treated animals showed fewer failures over the full range of frequencies than saline controls (*P ϭ 0.0043, linear regression). Fig. 7 . Responses to capsaicin of low-threshold, slowly adapting rectal mechanoreceptors. Stretch-sensitive low-threshold mechanoreceptors did not respond to 1 M capsaicin in either TNBS-treated or saline-treated animals. However, in most preparations, other unidentified classes of afferent units (which were not stretch-sensitive) were powerfully activated. There were no detectable differences in responses between saline or TNBS-treated tissue. The example shown was from a specimen treated 6 days previously with TNBS.
5; see Fig. 9 ). Bradykinin (1 M) also led to an augmentation of afferent firing evoked by standardized stretch (3 mm for 10 s) in Ca 2ϩ -free Krebs containing 3.6 mM Mg 2ϩ (Fig. 10) . These results indicate that bradykinin had direct effects on low-threshold rectal mechanoreceptors, in addition to any effects on smooth muscle contractility.
DISCUSSION
TNBS-induced inflammation has been widely studied as a model of intestinal inflammation, sharing many similarities to Crohn's disease (29) . After a short period of hyperexcitability lasting several hours, TNBS inflammation causes reduced propulsive motility in the rat colon in vivo (25) with reduced contractile responses to a range of agonists (9) and altered contractility of isolated muscle cells (32) . These changes are associated with hypertrophy, hyperplasia, and edema of the gut wall, including the muscularis externa (21) . At the same time, visceromotor responses to colorectal distension are significantly enhanced in the rat (26) , suggesting sensitization of spinal afferent neurons. Similarly, in the guinea pig, TNBS causes a reduction in propulsive motility of the colon (13); however, its effects on the rectum have not been specifically investigated. In the present study, we were unable to detect an overall decrease in contractile activity or muscle tone of the rectum 6 days after TNBS administration, using a range of different measures. However, rectal preparations showed high variability in both spontaneous contractile activity and reflex responses to circumferential stretch (17, 19) ; it is possible that this variability masked a net decrease in contractility.
In the present study, recordings from extrinsic afferents were made from the most distal region of the large bowel, where a well-characterized class of low-threshold, slowly adapting mechanoreceptors is most abundant (24) . These afferents make distinctive intraganglionic laminar endings in the myenteric ganglia, which function as sites for mechanotransduction (19) . Detailed studies of the mechanical sensitivity of these endings has shown that they are responsive to both distension and to contraction of either longitudinal or circular smooth muscle layers within their field of innervation (17) , probably by detecting distortion of the myenteric ganglia through stretch-activated ion channels in the rIGLEs (34). Fig. 8 . Afferent responses to prostaglandin E2. A: a low-threshold mechanoreceptor showed conspicuous bursts of firing after application of PGE2 (1 M) that appeared to be associated with contractile activity of the circular muscle in a saline control preparation. B: PGE2 (1 M) also activated lowthreshold, stretch-sensitive afferents in preparations treated 6 days previously with TNBS. Afferent activity in these preparations also coincided with evoked contractile activity. C and D: pooled data showed that PGE2 evoked significant increased firing in both saline control and TNBS-treated preparations (**P Ͻ 0.01). It is likely that the effects of PGE2 were mediated indirectly, through increased contractility, since the effects were abolished in Ca 2ϩ -free solution (not shown).
In the present study, these low-threshold, slowly adapting mechanoreceptors showed a modest increase in mechanosensitivity after TNBS treatment. Mechanistically, this could be due to direct changes in the excitability of their endings or to changes in contractile activity of the smooth muscle. The latter seems improbable, since no increase in contractile force or frequency was detected. Indeed, as mentioned previously, TNBS treatment is usually associated with significant decreases in propulsive motility. This suggests that the increased mechanosensitivity was probably due to heightened excitability or sensitivity of the sensory endings themselves. Several pieces of evidence support this possibility.
The threshold for activation of mechanoreceptor transduction sites by von Frey hairs was significantly reduced after TNBS. Previous studies have shown that changes in smooth muscle compliance, or tone, can have profound effects on stretch-induced mechanoreceptor firing, confounding interpretation of the site of effects on mechanoreceptor sensitivity. However, activation of afferents using von Frey hairs is much less sensitive to the state of the smooth muscle (34) . In the present study, a significantly greater proportion of mechanoreceptors were activated by a 0.1 mN von Frey hair in TNBStreated animals, but responses to stiffer von Frey hairs were not enhanced. In contrast, stretch-evoked mechanoreceptor firing was most strongly enhanced by TNBS for the largest distensions tested (Fig. 3 ). There was a tendency for the peak muscle forced, evoked by stretch, to be increased slightly after TNBS, although this was not significant (Fig. 3B ). Another possible mechanism by which TNBS could indirectly affect stretchactivated responses is through inflammation-induced fibrosis (29) ; it is possible that remodeling of connective tissue may have altered mechanical coupling between the muscle layer and mechanoreceptor transduction sites (rIGLEs).
However, another line of evidence points to a direct effect of inflammation on low-threshold, slowly adapting mechanoreceptors in the guinea pig rectum. In the present study, it was shown that at 6 days after TNBS treatment low-threshold mechanoreceptors were able to follow suprathreshold electrical stimuli at higher frequencies than after saline treatment. This indicates that TNBS caused an increase in the electrical excitability of these endings. Several mechanisms could underlie this change of excitability. TNBS inflammation causes upregulation of specific sodium channels and downregulation of several potassium channels in spinal afferent nerve cell bodies, retrogradely labeled from the gut wall (1, 28) . If, as seems likely, similar changes occur in the peripheral processes of sensory neurons, this could explain the enhanced excitability of mechanoreceptors in the present study.
Ongoing release of inflammatory mediators may also have contributed to the altered excitability of sensory endings in the gut wall. It is well established that various algogenic mediators, such as bradykinin, can excite visceral afferent neurons (3, 15, 16) . In the present study, bradykinin caused both an enhancement of stretch-evoked firing and direct activation of endings, which persisted in Ca 2ϩ -free solution (when changes in muscle tone were abolished). Interestingly, prostaglandin E 2 also in- Fig. 9 . Bradykinin (BK) activated stretch-sensitive units when muscle activity was abolished in Ca 2ϩ -free Krebs solution. Effects of 1 M bradykinin on a stretch-activated mechanoreceptors in rectum from an untreated animal. Bradykinin evoked increased circular muscle contractility and several bursts of firing in the stretch-sensitive mechanoreceptors (unit 1 and unit 2) and also activated stretch-insensitive unit 3. In Ca 2ϩ -free solution (containing 3.6 mM Mg 2ϩ ), muscle activity was abolished but bradykinin still evoked several bursts of firing in the stretch-sensitive unit 1, but not 2, and activated stretch-insensitive unit 3.
creased firing of low-threshold mechanoreceptors, but this was indirectly mediated, through increases in smooth muscle contractility, which triggered bursts of afferent firing. PGE 2 did not increase responses of low-threshold mechanoreceptors to activation by von Frey hairs in the present study. PGE 2 evokes increased contractile activity of guinea pig large intestine (12) , which suggests that it is not a major mediator involved in TNBS-inhibition of colonic motility.
Low-threshold mechanoreceptors in the guinea pig rectum were not activated by capsaicin, an agonist at TRPv1 channels, although many non-stretch-sensitive afferents were excited. There is a close association between TRPv1 expression and nociceptive function in sensory neurons (22) . It is tempting to suggest therefore that the low-threshold mechanoreceptors that were the focus of this study are probably not nociceptive. Capsaicin sensitivity has been demonstrated in subsets of two functional classes of stretch-insensitive extrinsic colonic afferents in the rat (18) in both splanchnic and pelvic pathways (2) .
Guinea pig rectal muscle had highly variable responses to circumferential stretch, thus increasing individual and population variability. This has been previously reported and is believed to be a functional characteristic of guinea pig rectal tissue (17) . Consequently subtle changes in motility or whole organ changes in motility are unlikely to be identified using the variables recorded in the present study. Nonetheless, afferents responded more strongly to increasing circumferential stretch in the TNBS-treated tissue independently of changes in muscle force. Inflammation has also been reported to increase afferent discharge in response to intraluminal distension in rat in vivo (23) .
This study showed that the function of this low-threshold, slowly adapting class of afferents with their endings within the myenteric plexus is modestly increased after 6 days of TNBSinduced inflammation but that this resolves by 30 days. The effects of inflammation were manifested as enhanced responses to stretch of the tissue, increased electrical excitability and reduced thresholds for von Frey hair stimulation. It has been suggested that in inflammatory and some postinfective functional disorders (4, 5) patients become hypersensitive to normal motility. It is tempting to suggest that the modulation of low-threshold mechanoreceptors, as observed in this study, may contribute to the disturbed sensations from the distal bowel in a range of functional and inflammatory disorders.
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